(area of 7.5 ha, volume of 617,000 m 3 , maximum depth of 18 m), with small catchment area 5 (66.6 ha) on granitic bedrock forested by Norway spruce (Picea abies) (Kopáček et al. 2007 ).
108
The lake has been acidified by atmospheric deposition of sulphur (S) and nitrogen (N) bark-beetle infestation (Kaňa, Tahovská & Kopáček 2013; Oulehle et al. 2013) .
117
Isoëtes echinospora forms a monospecific plant stand in the inshore area of approximately proportion of organic matter. The lake is usually ice-covered from December to April. 
Population dynamics

123
Population dynamics of I. echinospora in Plešné Lake were investigated at 3 adjacent study were recorded by the same observer throughout this study.
130
Two phenological stages of juvenile and adult plants were defined to determine the life and predictor variables were assessed, using the software package STATISTICA 12
209
(product/module STATISTICA Base; StatSoft, Inc., Tulsa, OK, USA).
210
The factor analysis was performed to help to find an explanation for the quillwort recovery, in as the population was largely reduced at the end of our study (in 2013).
235
Results
236
Environmental conditions 237
Long-term monitoring of water chemistry in Plešné Lake (Fig. 3 ) demonstrated a steady 238 decrease in sulphate since 1990 in response to the reduced nitrogen and sulphur deposition.
9
Summer values of pH increased above 5 and the seasonal re-establishment of carbonate 240 buffering system has occurred in the epilimnion since 1999 (Fig. 3a) . In parallel, the seasonal 241 summer-to-autumn minima of Al i concentration decreased to < 0.1 mg l -1 , although its spring 
246
The elevated leaching of nitrate was compensated for by increased leaching of cations,
247
especially Al i , K, H, Ca and Mg (Fig. 3a-c) . The forest dieback also resulted in elevated TP 248 leaching (Fig. 3a) . Three independent factors explained 98% of the total variability of eight lake water 279 characteristics lagged by age at the first wintering (W t-1 ), which are clearly separated into 280 four clusters using Factor Analysis ( Table 2 , Fig. 6 ). The first factor is marked by high water acidification, including negatively intercorrelated pH and Al i (two opposite clusters).
284
The third factor is marked by water temperature, represented by T c .
285
Partial least squares regression model (Fig. 7b) when compared with that in July 2013 (Fig. 8) . The proportion of juveniles in 2014 was in 312 line with the recovery trend prior to the population disturbance (Fig. 4a) . clonally. There is missing information, whether the plantlets establishing on ramets of the 323 other isoetids that are capable of clonal reproduction would be also affected by lake water 324 acidity or they would benefit from a physiological integrity. A renewal failure due to lake 325 water pollution and gradual senescence of an isoetid plant stand may result in a decline in 326 population size, even if the adults grow under satisfactory conditions.
327
In Plešné Lake recovering from acidification, I. echinospora recruitment has still been 328 inhibited by the seasonal or episodic extremes in acidity and elevated Al i concentrations,
329
caused by snow melting or high precipitation events (Fig. 3a, b, 5) . We identified the early 330 ontogenetic stages of the quillwort until the age of ~1 year to be sensitive to these 331 environmental stresses, when surpassing certain thresholds (Table 1 , Fig. 2, 5 ). The thresholds as well (Fig. 5) . The Al i concentrations have still exceeded the threshold in winter, but they 335 could prevent any sporeling recruitment only in synergy with the extreme acidity (pH < 4.9;
336 Fig. 5 ). In addition, the juveniles may be further impaired by the extreme acidity itself during 337 spring and/or summer, when Al-toxicity is not critical (periods S t-1 and G t-1 ; Table 1 ).
338
Interestingly, no stress from any of the lake water condition was observed within the very first 339 few months of a sporeling life (period G t-2 , showed the discontinuous population recovery during the past 15 years (Fig. 7b) what is in conformity with the known fact that nutrient availability does not limit the growth Table 1 ) is likely an artefact caused by the increasing trend in TP.
363
The I. echinospora plantlets of the age of ~1 year are no more influenced by the acidification 364 stressors, but their growth is controlled by lake water temperature in Plešné Lake (Table 1, (Table 1) . Our analyses showed that the minimum water temperature threshold of 12°C for I. 
377
To our best knowledge, this is the first long term (> 14 years) study of an isoetid population 378 dynamics based on intensive repeated measurements in situ. We observed strongly reductive 379 effects of an anthropogenic as well as natural disturbance on the glacial relic population of I.
380
echinospora in Plešné Lake. In addition to acidification effects, we bring (accidental but 381 unique) details on mallards grazing on aquatic quillwort I. echinospora (Fig. 8) . Grazing by 
